The sweetpotato whiteßy, Bemisia tabaci (Gennadius) (Hemiptera: Aleyrodidae), is an important agricultural pest of vegetable and ornamental crops (De Barro et al. 2000) . It is polyphagous (Frohlich et al. 1999) and is widely distributed throughout tropical and subtropical areas (Delatte et al. 2005) . Recent records indicate that B. tabaci collectively colonizes Ͼ900 plant species (Perring 2001 , Berry et al. 2004 and that it plays a role as a vector of Ͼ110 plant viruses (Jones 2003) . It is generally accepted that morphologically indistinguishable populations with different biological traits exist within the B. tabaci complex (Abdullahi et al. 2003) . Variants are now known that differ with respect to host range, dispersal behavior, fecundity, insecticide resistance, and transmission competency for begomoviruses (Berry et al. 2004 ). To date, Ͼ24 biotypes of the B. tabaci species complex have been discriminated by multiple techniques that include speciÞc phytotoxic reactions, isozymes, and DNA markers (Perring 2001) .
The taxonomy of the whiteßy is based on the morphological characteristics of the fourth nymphal stage (pupal case) (Viscarret et al. 2003) . However, biotypes of the B. tabaci complex are morphologically indistinguishable (Viscarret et al. 2003) . Recently, molecular markers have been used to distinguish populations of B. tabaci. These populations, or biotypes, can be recognized by esterase markers, random ampliÞed polymorphic DNA (RAPD), ampliÞed fragment-length polymorphism, and mitochondrial, ribosomal, and microsatellite DNA (Byrne and Devonshire 1991 , Frohlich et al. 1999 , Cervera et al. 2000 , De Barro et al. 2000 , Moya et al. 2001 , Lima et al. 2002 , De Barro et al. 2003 .
In addition, many speciÞc genes have been used to study the genetic diversity of the B. tabaci species complex. Frohlich et al. (1999) reported the cloning and sequencing of the mitochondrial 16S ribosomal subunit and cytochrome oxidase I (COI) for B. tabaci. The phylogenetic analysis of 16S clearly separated New World from Old World populations and included the B biotype among the Old World forms (Frohlich et al. 1999) . Otherwise, some studies also demonstrated that the phylogenetic analyses of mitochondrial (mt)COI could clearly distinguish biotypes of B. tabaci (Frohlich et al. 1999 , Viscarret et al. 2003 , Berry et al. 2004 ). The nuclear DNA ribosomal internal transcribed spacer 1 (ITS1) is another useful molecular marker that can be used to study genetic vari-ations of the B. tabaci species complex (De Barro et al. 2000 , Abdullahi et al. 2003 , Wu et al. 2003 . De Barro et al. (2000) used this marker to reconstruct the phylogeny, and results indicated that the clades had strong geographic relationships. The molecular phylogenetic tree of the ITS1 also demonstrated the presence of three different biotypes of B. tabaci in China (Wu et al. 2003) .
B. tabaci was considered a cryptic sibling species previously (Brown et al. 1995 , Perring 2001 . Presently, the molecular evidence suggests B. tabaci was a species complex with many biotypes (Brown et al. 1995 , Frohlich et al. 1999 , De Barro et al. 2000 , Perring 2001 ). Distribution of B. tabaci biotypes indicated geographic differences (Frohlich et al. 1999; De Barro et al. 2000 Perring 2001) . A biotype distributed in America, Q biotype distributed in the Mediterranean region, cassava biotype distributed in Africa, An biotype distributed in Australia, Ms biotype distributed in the islands of southwestern India Ocean, Nauru biotype distributed in PaciÞc community region, and B biotype was widespread (De Barro et al. 1998 Frohlich et al. 1999; Perring 2001; Delatte et al. 2005) . In addition, Asia contains several distinct populations, but the relationships among them were not clear (De Barro et al. 2000 . In eastern Asia, B and Q biotypes distributed in China and B biotype distributed in Korea and Japan (Perring 2001 , Zhang et al. 2005 . Nauru biotype distributed in Taiwan (De Barro et al. 2000 . Otherwise, there were still two unknown biotypes in China (Zhang et al. 2005 ).
The phylogenetic analysis of DNA sequences has become an important tool for studying the evolutionary history of organisms from bacteria to humans (Nei and Kumar 2000) . The previously mentioned molecular markers also are being used to reconstruct phylogenies and have demonstrated their ability to distinguish biotypes (Frohlich et al. 1999 , Cervera et al. 2000 , De Barro et al. 2000 , Abdullahi et al. 2003 . In this study, we use mtCOI sequences to reconstruct a phylogenetic tree. According to the tree topology, we distinguished the biotypes in China, Taiwan, and neighboring islands of eastern Asia. We also studied the relationships of biotypes in eastern Asia and inferred relationships within the B. tabaci species complex. In addition, distinct biotypes of B. tabaci have different host plant ranges, insecticides applied, natural enemies, and virus transmission capability. We also hope this study will be helpful to crop management and appropriate control materials of B. tabaci in eastern Asia.
Materials and Methods
Whitefly Samples. During 2002Ð2005, 242 living adult samples of B. tabaci were collected from weed, vegetable, and ornamental plants in Taiwan and neighboring islands. The collected locations included Taiwan, Penghu Archipelago, Green Island, Orchid Island, Matsu Islands, and Kinmen Islands (Fig. 1) . We selected fourth instars and used classical taxonomic criteria to identify whiteßy species. Adult whiteßies were preserved in 95% ethanol and stored at Ϫ20ЊC. Some samples from other countries also were also in the analysis. These samples were from Australia, China, Indonesia, Israel, Japan, Korea, The Netherlands, Spain, and the United States (Table 1) .
DNA Extraction, mtCOI Gene Amplification, and Sequencing. Genomic DNA was extracted from individual adult whiteßies according to the method of De Barro and Driver (1997) . The mitochondrial COI gene was ampliÞed by polymerase chain reaction (PCR) with primers C1-J-2195 (5Ј-TTGATTTTTT-GGTCATCCAGAAGT-3Ј) and L2-N-3014 (5Ј-TC-CAATGCACTAATCTGCCATATTA-3Ј) (Frohlich et al. 1999) . PCR assays were performed in 25-l reaction volumes with 2 l of template DNA. The PCR reaction mix contained 0.15 M dNTP, 2.5 mM MgCl 2 , 0.75 U of Taq polymerase, 2.5 l of 10ϫ Taq reaction buffer, and 0.6 M of each primer. The PCR reaction program was initialized at 94ЊC for 2 min, followed by 30 cycles of 94ЊC for 1 min, 52ЊC for 1 min, 72ЊC for 1 min, and a Þnal extension of 5 min at 72ЊC. The mtCOI fragment was Ϸ780 bp. The PCR products were subsequently gel-puriÞed using the Micro-Elute DNA clean/extraction kit (GeneMark, Taipei, Taiwan) and sequenced in one direction on an ABI 3730 DNA analyzer (Applied Biosystems, Foster City, CA) using an ABI PRISM BigDye Terminator cycle sequencing ready reaction kit, version3.1 (Applied Biosystems). Sequences obtained in this study were submitted to GenBank (Table 1) .
Sequence Alignment and Phylogenetic Analyses. All sequences were aligned using the program ClustalX 1.18 (Thompson et al. 1997 ). The resulting alignment was manually edited using the program GeneDoc (Nicholas et al. 1997 ). Phylogenetic analyses of the aligned sequences were performed with MEGA3 (Kumar et al. 2004 ). The method of neighborjoining (NJ) was selected to construct the phylogenetic tree. The distance method of the NJ analysis was based on the Kimura two-parameter model (Kimura 1980) . The robustness of the NJ phylogenetic tree was assessed by 1,000 bootstrap replicates. The discrete character method of maximum parsimony (MP) analysis was conducted with the heuristic search and CNI branch swapping options. The support for the topology of the MP tree was estimated by bootstrapping using of 1,000 bootstrap replicates.
Reference whiteßy mtCOI sequences were available from previous studies. The acronyms of reference sequences and their accession numbers are as follows: Argentina (AF340212); ArizonaA (AY057122); ArizonaB (AY057123); Bolivia (AF342768); ChinaB (AJ867555); IvoryCoastO (AY057136); MexicoA (AY-057125); MoroccoQ (AF342773); Nepal (AF342779); Pakistan (AY057582); Pakistan1 (AY057583); SouthAfricaB (AY057140); Spain1Q (AY057139); Thailand1 (AF164670); UgandaBC (AY057141); UgandaBMC (AY057142); UgandaBNaC (AY057145); UgandaBuC (AY057151); UgandaBIC (AY057214); MauritiusMs (AJ550172); MadagascarMs (AJ550171); ColombiaA (AJ550168); FranceB (AJ550170); Malawi (AY057215); Pakistan (AJ510061); Spain (AF342775); Turkey (AF-342776); China1 (AF342777); India1 (AF418664); India2 (AF418670); Tanzania (AF418667); Ghana (AF418668); Malaysia (AY057137); SeychellesMs (AJ550182); and an outgroup, Bemisia afer (Priesner & Hosny) (AF418673).
Results
Approximately730 bp of the mtCOI gene was ampliÞed from individual whiteßies by PCR. After align- ment, 676 bp of the mtCOI sequences was used to reconstruct the phylogenetic trees. Phylogenetic analyses of the distance and discrete character methods generated similar tree topologies, so only the NJ tree is shown here (Fig. 2) . According to the phylogenetic trees, the results indicated three biotypes of B. tabaci in Taiwan. The globally distributed B biotype also was found to be widely distributed in the Taiwan region. In this research, the phylogenetic trees also indicated the Nauru biotype in Taiwan. In addition, the results also indicated an unknown biotype in Taiwan. According to the phylogenetic trees, the unknown biotype clustered with the An biotype. Therefore, the An biotype has been identiÞed, and this is also its Þrst report from Taiwan.
B. tabaci was found in Taiwan and neighboring islands. Host range records included 51 plant species from 15 families ( Table 2) . Three biotypes were identiÞed by the mtCOI phylogenetic trees (Fig. 2) . Distributions of the B, Nauru, and An biotypes are shown in Fig. 1 . One hundred thirty-Þve samples of biotype B were collected from Taiwan and four islands, except Orchid Island, and it exhibited the widest distribution (Fig. 1) . Host plants of biotype B included 38 species from 13 families, which was the most recorded in this region. Fifty-two samples of Nauru were collected from Taiwan and four islands, except Kinmen Islands (Fig. 1) . Host plants of the Nauru biotype included 22 species from 11 families. The distribution of the An biotype was most restricted, and it had the fewest host plants in this region. Eight samples of the An biotype were collected from Taiwan, Kinmen Islands, and Matsu Islands (Fig. 1) . Host plants of the An biotype included eight species of Þve families. According to the host plants, the Asteraceae and some agricultural plant species were the major hosts ( Table 2 ). The B and Nauru biotypes were found on wild plants, vegetables, and ornamental plants. The An biotype was only found on wild plants not on vegetables, and ornamental plants.
The phylogenetic tree based on the mtCOI sequence revealed that B. tabaci was divided into three major clades (Fig. 2) . One major clade was divided into two branches, the A and cassava biotypes, and included the New World group and the sub-Saharan Africa group. The node among these two groups revealed bootstrap values of Ͻ50% (data not shown), which also revealed that they made up a sister group and that their relationship was close. Another major clade, containing the Nauru and An biotypes, also was divided into two groups: the Asian group and the Australia-Asian group. The bootstrap values (81%) indicated that this clade could be divided into two different groups in Asia. The other major clade was divided into three branches, the B, Q, and Ms biotypes; it also revealed that the Old World group belonged to this clade. The high bootstrap value (100%) demonstrated that this clade was a monophyly and included three subgroups: a cosmopolitan group, the Mediterranean group, and the South-East African group.
The phylogenetic trees also provided information for inferring relationships of subgroups within the group. The New World group was divided into two subgroups: the North-Central American and South American. The high bootstrap value (100%) supported these two subgroups having clear geographical differences. The sub-Saharan African group also was divided into many subgroups. According to the tree topology, samples of this subgroup were distributed in central Africa, and they were divided into several different populations. The high bootstrap value (100%) also provided support for distinguishing central African populations. Samples of the Asian group included China, India, Indonesia, Nepal, Pakistan, and Taiwan populations. The result also revealed that this group is widely distributed in Asia, especially in central and eastern Asia. In addition, the Australian-Asian group included samples from Australia, China, Malaysia, Pakistan, Taiwan, and Thailand. The result revealed that this group is distributed in Australia, east Asia, and south Asia. Therefore, the Asian and AustralianAsian group sample distributions overlap in Asia. Although they are distributed in the same region, they still can clearly be divided into different subgroups by using the mtCOI marker. The B biotype group is globally distributed and was not divided into subgroups. Otherwise, the branch lengths were similar, and branches were not clearly separable. The high bootstrap value (100%) also supported the B biotype samples being clustered into the same group. Hence, the B biotype had extant geographic boundaries, and the relationships among populations were very close. The Mediterranean of biotype Q was distributed in Europe, northern Africa, and the neighboring Mediterranean region. The high bootstrap value (99%) of this clade revealed and supported biotype Q being widely distributed in the Mediterranean region. The Ms biotype clade indicated it was distributed in southeastern African islands.
Discussion
B. tabaci is widely distributed in Taiwan and neighboring islands of eastern Asia. An, B, and Nauru biotypes were identiÞed by the molecular marker. These biotypes were not spread equally around this region. The distribution condition was similar to research in the PaciÞc community region (De Barro et al. 1998 ). These biotypes also are dispersed unequally from northwestern to southeastern PaciÞc islands (De Barro et al. 1998 ). The results revealed that B. tabaci may colonize islands by radiating expansion from continent. In addition, a comparison of host plants showed little difference between the Taiwan region and the PaciÞc community region. The three biotypes had similar host plant ranges in the PaciÞc community region (De Barro et al. 1998 ). However, the B and Nauru biotypes had similar host plant ranges in Taiwan, but the An biotype was only found on wild plants, not on vegetables and ornamental plants.
Molecular markers have been used to study the genetic polymorphism of B. tabaci (Frohlich et al. 1999 , Cervera et al. 2000 , De Barro et al. 2000 , Abdullahi et al. 2003 . mtCOI is a useful molecular marker for distinguishing biotypes of B. tabaci (Frohlich et al. 1999 , Simó n et al. 2003 , Viscarret et al. 2003 , Berry et al. 2004 , De Barro et al. 2005 , Delatte et al. 2005 . Using this molecular tool identiÞed three different biotypes in Taiwan, and the phylogenetic tree clearly indicated that they were the An, B, and Nauru biotypes. Otherwise, phylogenetic analyses of mtCOI also were used to study the relationship among and within biotypes (Frohlich et al. 1999 , Viscarret et al. 2003 , Berry et al. 2004 , De Barro et al. 2005 , Delatte et al. 2005 . According to the tree topology, the B biotype of Taiwan clustered with many locations that included Asia, Africa, Australia, America, and Europe, and obvious distinctions were not apparent between different branches. The relationships among haplotypes were very close. This provides evidence that the invasion events of the B biotype in Taiwan occurred recently. This inference is similar to those of previous studies in other locations, i.e., the B biotype is rapidly being spread by human trade activities (Frohlich et al. 1999 , De Barro et al. 2000 , Perring 2001 , Lima et al. 2002 . In addition, there were many haplotypes of the B biotype in Taiwan, and it was suggested that they had originated from one or several radiations. Moderate and rapid divergence events may have existed, or perhaps only some dominant haplotypes have survived multiple invasions (Viscarret et al. 2003) . The B biotype is currently the most-prevalent and most widely distributed biotype in Taiwan.
Not only the B biotype but also the Nauru and An biotypes are spread throughout Taiwan. These two biotypes were reported in previous studies in the PaciÞc community region (De Barro et al. 1998 . In this study, the phylogenetic trees indicated they were dispersed in Asia. In particular, we noted that the Nauru and An biotypes are also distributed in China. However, only the B and Q biotypes had been conÞrmed in China in previous studies (Luo and Zhang 2000 , Ren et al. 2001 , Wu et al. 2003 , Zhang et al. 2005 . Otherwise, two unknown biotypes have also been reported in China (Wu et al. 2003 , Zhang et al. 2005 . Therefore, this study provides the molecular evidence and presumes the two unknown biotypes in China to be the Nauru and An biotypes. We summarize that at least the B, Q, Nauru, and An biotypes are found in China. Furthermore, the phylogenetic trees revealed that the two biotypes of Taiwanese samples were clustered with those of China and other Asian countries. In addition, the Nauru and An biotypes of Taiwanese samples were divided into several different branches. We presumed that the two biotypes in Taiwan exist due to multiple invasions, which may have included both natural and human trade dispersals.
Phylogenetic analyses have been used to infer the relationships within the B. tabaci species complex (Frohlich et al. 1999; De Barro et al. 2000 Viscarret et al. 2003; Berry et al. 2004; Delatte et al. 2005) . The tree topology revealed that the A and cassava biotypes clustered in the same clade. Biotype A is distributed in the New World, but cassava is distributed in South Africa. The result is confusing as to how the two biotypes can apparently be geographically isolated, yet they have close relationships. A previous study presumed that the cassava biotype originated from Africa (Abdullahi et al. 2003) . However, this inference might be incorrect. According to a previous study, host-related isolation of the cassava biotype occurred after cassava was introduced from Brazil to Africa Ͼ400 yr ago (Berry et al. 2004 ). Therefore, the cassava biotype may have originated from the New World and have invaded into Africa with cassava. It has been in Africa for a long time and has undergone apparent divergence. This may be the reason why the A and cassava biotypes have such close relationships.
The Nauru and An biotype distributions overlap in Asia. Molecular evidence inferred that Nauru was of Asian origin and that An was of Australian origin (De Barro et al. 1998 . The phylogenetic analyses also supported the Nauru biotype being of Asian origin, although that also supported the An biotype being of Australian origin. However, more Asian and Australian samples are required to provide evidence to conÞrm whether An is of Australian or Asian origin. Otherwise, the two biotypes are distributed in the same region but can clearly be identiÞed to different biotypes by molecular markers. Sympatric speciation with radiating expansion or allopatric speciation with secondary contact may exist. However, more samples in further studies are required to conÞrm which inference is closer to the truth.
The results of the phylogenetic relationships among the B, Q, and Ms biotypes were similar those of a previous study in that they were clustered in the same clade (Delatte et al. 2005) . The B biotype is globally distributed, the Q biotype is distributed in the Mediterranean region, and the Ms biotype is dispersed among islands of southeastern Africa. In addition, the presumed origin of the B biotype was in the northeastern African/Middle Eastern/Arabian peninsular region (Frohlich et al. 1999 , De Barro et al. 2000 and that of the Ms biotype was southeastern Africa (Delatte et al. 2005) . Therefore, the three biotypes belong to the same Mediterranean/Arabian Peninsular/African group (Delatte et al. 2005) and may have had the same origin.
Recently, the B. tabaci species complex was differentiated into six races (De Barro et al. 2005) . In this study, B. tabaci was distinguished into three major clades. The tree topology supports B. tabaci being differentiated into New World, Asian/Australia, and Mediterranean/Asia Minor/African groups. In previous studies, the area to the north and west of Pakistan shows the greatest diversity in parasitoids of Bemisia, reputedly an indication of a genus epicenter (Brown et al. 1995) . However, the true relationships and origin within B. tabaci species complex still need more samples and methods with further studies. However, to identify biotype of B. tabaci for pest control may be important. The inherent levels of resistance to insecticides differ in distinct biotypes (Khasdan et al. 2005 ). In addition, the different of biotypes and geographic regions of B. tabaci should select suitable natural enemies to control (Kirk et al. 2000) . Pest control should combine the insecticide applications and natural enemies that bases on species characteristics. In this study, we provide the basic information that there are four biotypes of B. tabaci in eastern Asia: B, Q, An and Nauru biotypes. We also hope this study will be helpful to crop management and biological control of B. tabaci in eastern Asia.
